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Abstract
Mycorrhizal fungi constitutes a critical component of ecosystems, and through the involvement in the 
absorption and transfer, they have the ability to adjust the permanent and cyclical movement of nutrients in the 
entire ecosystem. Mycorrhizas have the ability to decrease inputs introduced into ecosystems, but allocation 
of ecosystem nutrient resources only to symbiotic plants may cause, in time, the destabilization of plant 
communities. Objectives of the study were to create a hierarchy of climatic factors (temperature and rainfall) 
and technological (fertilization + treatment) depending on the power to inϐluence the mycorrhizal development. 
Analysis of colonization parameters variation is conducted using data collected from a ϐield experiment, over 
which were applied mineral and organic fertilizers under treatment with fungicides and zinc sulphate. Exploration 
of experimental data using cluster analysis revealed a good segmentation of variants fertilized and treated, based 
on the values of frequency and intensity of colonization in the root system of Festuca rubra plants. Temperature 
and rainfall had a signiϐicant inϐluence within the study period on the level of root colonization. Treatment with 
fungicide and zinc sulphate acted individually with a less pronounced effect, but more restrictive, the separation 
between clusters being made on the axis of treatments. Ecological factors determine the division of experimental 
variants in clusters deϐined by the ranges of colonization parameters, and by overlapping balanced fertilization 
completed with treatments over climate, the percentage of colonization frequency rises to maximum, individual 
expression of technological factors being optimal.
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INTRODUCTION
Matured ecosystems are cauterized by the 
existence of a mycorrhizal hyphal network, capable 
of interconnecting the radicular systems of plants. 
Most common associations of roots and fungi are 
vesicular – arbuscular, the major fungi contribution 
being identiϐied within the absorption process of 
nutritive elements. Particularly this is identiϐied in 
soil sequences that the plant is unable to explore.  
Mycorrhizal fungi’s, once involved in the 
absorption and transfer processes, have the ability 
to adjust the permanent and cyclical motion of the 
nutritive elements in the entire ecosystem. At a 
superior level, the composition and functionality 
of plant’s communities is controlled, the food 
sources allocation process being accomplished 
through hyphal networks developed by the 
symbiotic fungus.  
In agricultural soils, the vesicular – arbuscular 
fungi represent a 35 – 76% from the total microbial 
biomass, percentage which converts the fungi into a 
critical component of efϐicient agricultural ecosystems. 
Through their activity, these may inϐluence the 
growth and development of plants; enhance the 
dryness tolerance, or may cause antagonistic effects 
for disease or pests casese, by protecting the plant’s 
“health” status (Smith and Read, 2008, Tuteja and Gill, 
2013, Bompadre et al., 2014).
By optimizing the food resources, mycorrhizas 
may decrease the inputs within the ecosystem, all 
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at once enhancing the obtained results. During 
time, allocating the nutritional resources from 
the ecosystem only to the symbiotic plants may 
lead to unbalanced plant communities. After a 
certain level of this phenomenon, certain species 
may face extinction danger, perspective which 
impacts irrecoverably the biodiversity. One 
preventative measure against this endangerment 
is represented by fungicidal treatments applied 
in order to reduce the colonization and maintain 
the ecosystem balanced (Sun et al., 2013, Gill et al., 
2013). 
In relevant cereal cultivation areas, within 
their biological systems, a Zinc insufϐiciency 
phenomenon was noticed. This imprints a decrease 
of the cultivated plants efϐiciency to access water 
resources (Watts-Williams et al., 2014). 
The positive correlation between the Zinc level 
and the water absorption sustains the hypothesis 
of an efϐicient agricultural ascension by applying 
products based on this element. This beneϐicial 
inϐluence is expanded also over the mycorrhizal 
colonization development, by enlarging the water 
absorption surface.
MATERIALS AND METHODS
For analyzing the fertilization effect over 
the mycorrhizal colonization parameters on 
the Festuca rubra species, an experiment was 
set comprising of 6 degrees of fertilization, one 
unfertilized witness (F1), manure fertilized (F2) – 
10 t/ha, manure supplemented with Nitrogen (F3) 
– 10 t/ha + NPK=50:25:25, mineral with NPK (F4) 
- 50:25:25, mineral with Eurofertil mezocalc (F5) 
– 120 kg/ha + N=50; and mineral with Eurofertil 
mezocalc (F6) – 120 kg/ha fertilizations. Each 
variant was subjected to one single treatment: 
with fungicide (T1 – Botran 75 Wp – 0.07%), or 
Zinc Sulphate (T2 – 1.0%). 
The study’s objectives were to develop a 
hierarchy of the climatic factors (Temperature 
– temp; Precipitation – prep) and technological 
factors (fertilization + treatment); to assess the 
doses and fertilizer’s type effects; and evaluating the 
parameters ϐluctuation with the applied treatment. 
The experimental concept, experimental ϐield 
design and data collection methodology were 
presented by Stoian (2011), additions being made 
to the statistical analysis level, by underlying the 
individual effect of experimental factors (Vidican 
et al., 2013).
The colonization parameters evolution 
analysis, in fertilization and treatment conditions, 
has used data obtained during 2010 (A1) and 2011 
(A2). The ecological conditions were calculated 
for the complete vegetation period.  
The appreciation of differences between the 
colonization levels of the experimental variants 
was made through cluster type analysis. For 
rating the fertilization, treatment and ecological 
factors effects over the colonization parameters, 
a Principal Components Analysis (PCA) was used. 
For data analysis and graphical projections, the R 
Statistic (R Core Team, 2014) – “vegan” package 
was used (Oksanen et al., 2013)
RESULTS AND DISCUSSION
Exploring the experimental data through 
the cluster analysis has determined a sound 
segmentation of fertilized and treated variants, 
based on the obtained values for colonization 
frequency and intensity in the Festuca rubra’s 
radicular system (Fig. 1; Tab. 1). The colonization 
parameters ϐluctuation has set a double split of 
the cluster’s dendrogram. After the ϐirst split, 2 
clusters resulted (A and B), segmentation based 
on the colonization frequency parameter. For the 
second segmentation, the frequency values are 
used for organizing the experimental variants 
in the graphical model, but the parameter 
responsible for balancing the dendrogram being 
the colonization intensity. This resulted in 5 
clusters (1; 2; 3; 4; 5). 
Cluster A reunites the experimental variants 
with the highest frequency value (Fig. 1; Tab. 1). 
The colonization percentage of the Festuca rubra’s 
roots ranges between 76.67 – 100% values. This 
highlights the intense instalment of mycorrhizal 
fungi on the surface of symbiotic plants roots. 
Among the fertilized variants included in this 
cluster, the lowest frequency level was registered 
at the manure fertilized and fungicide treated 
variant, under the 2010 experimental conditions 
(A1F2T2). The 76.67% frequency value was 
supplemented by an intensity of 2.24% for the fungi 
intraradicular installed. By applying treatments 
and with no fertilization, there is no negative 
inϐluence over the mycorrhizal colonization. 
During 2010 the frequency registered over 90% 
values for the unfertilized and treated variants 
(A1F1T1 – 96.67% and A1F1T2 – 98.89%), while 
in 2011 experimental conditions, the colonization 
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ranged between 80 – 90% (A2F1T1 – 82.22% and 
A2F1T2 – 85.56%).
The strong segregation between the recorded 
values, observed for the frequency level, has 
imposed the framing of all experimental variants 
with frequency values under 70% in the B cluster 
(Fig. 1, Tab. 1). Noticeable is the low value of the 
colonization frequency for the manure fertilized 
variant, when treated with fungicide during 2011 
(A2F2T2), the 51.11% frequency being completed 
by a colonization intensity of just 1.36%.
Cluster B also identiϐies the combination 
between unilateral fertilization with NPK 
superposed to a fungicide treatment, experimental 
variants from this category (A1F4T2 and 
A2F4T2) recording low values of the colonization 
parameters for both experimental years (Fig. 1, 
Tab. 1). A similar case is noticed for fertilization 
based on Eurofertil mezocalc and treatment 
with Zinc Sulphate (A1F6T1 and A2F6T1), the 
colonization level values being much reduced for 
this speciϐic combination.
Superposing the ϐluctuation of the radicular 
colonization intensity over the intensive 
segregation of the experimental variants between 
the 2 clusters has imposed a new split of the 
dendrogram, the 5 resulting clusters having a 
higher homogeneity degree of the 2 analyzed 
parameters (Fig. 1; Tab.1).
Cluster 1 reunites the variants for which the 
colonization frequency ranged between 76.67% 
- 82.22%; with intensity values from 2.12% 
up to 9.34%. This indicates a relatively proper 
colonization over the installation surface of the 
mycorrhizal fungi, but shallow colonization 
when assessing the intra-radicular progress (Fig. 
1; Tab. 1). Noticeable is the Eurofertil mezocalc 
fertilization, combined with a fungicide treatment 
Fig. 1. Fertilization and mulching effect on colonization
Tab. 1. Values of mycorrhizal colonization parameters during the experimental years, by applied 
fertilization and treatment
Fert Trat Year plot int freq Year plot int freq
1 Zn sulph 
2010
A1F1T1 13.53 96.67
2011
A2F1T1 9.34 82.22
1 fung A1F1T2 23.95 98.89 A2F1T2 21.22 85.56
2 Zn sulph A1F2T1 0.50 41.11 A2F2T1 0.37 28.89
2 fung A1F2T2 2.24 76.67 A2F2T2 1.36 51.11
3 Zn sulph A1F3T1 10.59 87.78 A2F3T1 9.76 62.22
3 fung A1F3T2 13.77 96.67 A2F3T2 11.40 93.33
4 Zn sulph A1F4T1 12.94 98.89 A2F4T1 11.82 97.78
4 fung A1F4T2 1.37 65.56 A2F4T2 1.02 57.78
5 Zn sulph A1F5T1 22.39 100.00 A2F5T1 21.30 100.00
5 fung A1F5T2 9.54 90.00 A2F5T2 8.63 78.89
6 Zn sulph A1F6T1 1.85 64.44 A2F6T1 1.09 55.56
6 fung A1F6T2 3.57 82.22 A2F6T2 2.12 78.89
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(A1F6T2 and 2F6T2), which, under the ecological 
conditions of both experimental years, has 
maintained the frequency level around 80%, and 
the intensity under 5%. In 2010, the manure 
fertilization in combination with a fungicide 
treatment (A1F2T2) has succeeded raising the 
colonization frequency at 76.67% and an intensity 
of only 2.24%.   
In cluster 2, the group comprises of variants 
with a colonization intensity starting from 9.54% 
up to 13.77% (Fig. 1; Tab.1). These values indicate 
a superior intra-radicular colonization then the 
one noticed in cluster 1. The high frequencies 
(ranging between 87.78 – 98.89%) add up for 
the radicular surface evaluation, on which the 
mycorrhizal fungi are installed. The low differences 
between the 2 experimental years of the variants 
treated with Zinc Sulphate and fertilized with NPK 
(A1F4T1 and A2F4T1), for both the frequency and 
intensity parameters, denote the stability of the 
colonization during time. This is due to the quality 
of the fertilization – treatment mixture, combined 
with the ecological conditions of the experimental 
site. A similar phenomenon is recorded when the 
analysis is performed on the differences between 
the variants fertilized with manure supplemented 
with Nitrogen and treated with fungicide 
(A1F3T2 and A2F3T2). A very low variation of the 
colonization parameters was identiϐied between 
the 2 years. 
The highest values of the colonization 
intensity (over 20%), added by high values of 
frequency, have marked cluster 3 with a high 
degree of homogeneity (Fig. 1; Tab. 1). To be 
noticed the distinction of the Eurofertil mezocalc 
fertilisation and Zinc Sulphate treatment (A1F5T1 
and A2F5T1), which raised the frequency level to 
100% for both experimental years. Applying the 
fungicide treatment in the absence of fertilization 
(A1F1T2 and A2F1T2) had a positive effect 
over the intra-radicular development of the 
mycorrhizal fungi. High values were recorded for 
this parameter for both 2010 and 2011. 
Combining the manure fertilization with a Zinc 
Sulphate treatment (A1F2T1 and A2F2T1) has 
negatively impacted the mycorrhizal colonization 
(Fig. 1; Tab. 1). The 2 experimental variants were 
placed in the same cluster 4, due to their lowest 
intensity values (0.50% and 0.37%) of the entire 
experiment. 
Cluster 5 contains variants with low coloniza-
tion intensity while some of the frequencies do 
not surpass 70% (Fig. 1; Tab. 1). One noticeable 
exception is identiϐied for the manure fertilization 
combined with a Zinc Sulphate treatment 
(A2F3T1). During 2011’s conditions, this 
variant has recorded a raise up to 9.76% for the 
colonization intensity. Establishing this variant 
within the cluster 5 is based mostly on the 62.22% 
value of the frequency, much lower compared with 
the ones in clusters 1 and 2, in which the variant 
could be positioned due to the intensity. 
Superposing the experimental factors over the 
main components analysis chart has highlighted 
the signiϐicant inϐluence that temperature and 
precipitations had, during the study years, on the 
radicular colonization level (Fig. 2; Tab. 2). Also 
notable is the effect that climatic factors have, 
their position on the ordination chart indicating 
an antagonised action over the experimental va-
riants. The fungicide and Zinc Sulphate treatments 
had a les acute individual effect, but much more 
restrictive for the clusters positioning on the 
ordination chart. The separation of the clusters 
was achieved on the treatments axis.
The analysis of the ecological and experimental 
factors over the variants integrated in cluster 1 has 
revealed the inϐluences distinguished signiϐicant 
of Phosphorus and signiϐicant Potassium (Tab. 3). 
Superposed with the effect of these 2 chemical 
elements, the treatments signiϐicantly act on the 
maintenance of a colonization frequency ranging 
between 76.67 – 82.22% (Tab. 1; Tab. 3). For the 
colonization frequency, the fungicide treatment, in 
the ecological conditions of 2010, when combined 
with fertilization based on Eurofertil mezocalc 
(A1F6T2), had the same effect as the Zinc Sulphate 
treatment in the absence of fertilization during 
2011 climatic conditions (A2F1T1). The recorded 
value was 82.22% (Tab. 1). The difference between 
the 2 variants is noticed at the colonization 
intensity level. The value for this parameter for the 
unfertilized variant was 3 times higher than in the 
fertilized case. 
Cluster 2 presents a higher homogeneity 
for the mycorrhizal colonization parameters, 
with balanced values for both the frequency and 
intensity (Fig. 1; Tab. 1). Opposite to this, through 
the mixture of fertilization and treatment variants 
within cluster 2, creating a heterogeneous image. 
The cluster included the variant organically ferti-
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li zed supplemented with Nitrogen; mineral fertili-
zed variant, but also an unfertilized variant. 
Superposing the experimental factors over the 
ordering chart has indicated the lack of a signiϐicant 
individual effect. The values obtained for the 
colonization parameters in cluster 2 deriving from 
the combined effect of all factors (Tab. 3).
The high values of the colonization parame-
ters recorded by the variants within clus ter 3 
are owed to the notably balanced individual 
effect of technological factors (Tab. 1; Tab. 3). 
Macro-elements are considerably acting over 
the parameters for the variant fertilized with 
Eurofertil mezocalc, their inϐluence being added up 
by the effect of a Zinc Sulphate treatment (F5T1) 
for both experimental years. The fungicide drove 
towards the colonisation intensity growth for the 
unfertilized variant (F1T2), and at the same time 
raising the frequency’s level to over 85% for both 
2010 and 2011. 
The manure fertilized variant, treated with 
Zinc Sulphate (F2T1) has heavily inϐluenced the 
mycorrhizal colonization during the 2 experimental 
years. The obtained values allowed the institution 
of cluster 4 with a reduced dimension (Fig. 1; 
Tab. 1). The combined effects of fertilization and 
treatment have not allowed the formulation of the 
individual impact of the experimental factors (Fig. 
2; Tab. 3). 
Assessment of Environmental and Technological Factors over the Mycorrhizal Colonization
Tab. 2. Individual effect of experimental factors over the mycorrhizal colonization parameters – at the 
complete experiment level
Factors PC1 PC2 r2 Pr(>r) Signif.
temp 0.603 0.798 0.098 0.026 *
prep -0.603 -0.798 0.098 0.026 *
n -0.982 -0.190 0.022 0.451 -
p 0.893 -0.451 0.046 0.191 -
k 0.621 -0.784 0.064 0.101 -
fung 0.004 -1.000 0.061 0.126 -
Zn sulphate -0.004 1.000 0.061 0.126 -
- not signiϐicant  p < 0.05 * ° p < 0.01 ** °° p < 0.001 *** °°°
Fig. 2. Analysis of principal components and highlight of the restrictive axis
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The effect of ecological factors in cluster 5 is 
highly signiϐicant (Tab. 3), both temperature and 
precipitations strongly inϐluencing towards the 
decrease of the intensity of colonization (Fig.2; Tab. 
1). A very strong action is identiϐied in the case of 
Phosphorus and Potassium, both macro-elements 
impacting directly the centre of the cluster. Their 
effect was complemented by the distinguished 
signiϐicant action of the Nitrogen (Fig. 2; Tab. 
3). Although the treatments were considered to 
have a reduced signiϐicant individual inϐluence 
(Tab. 3), when supplemented to fertilization 
managed to induce, in time, a destabilization over 
the colonization. The NPK fertilization combined 
with a fungicide based treatment may reduce the 
colonization intensity under 1.5%. The same effect 
is provided by the Eurofertil mezocalc fertilization, 
mixed with a Zinc Sulphate treatment, for both 
experimental years (Tab. 1).
CONCLUSION
The ecological factors established the distri-
bution of experimental variants in clusters, 
through deϐining variation intervals of the my-
corrhi zal colonization parameters.
The quantum of intensity and frequency of 
coloni zation is affected in a small manner by the 
individual action of technological factors, their 
inϐluence becoming stronger only in combined 
actions. 
The combined action of phosphorus and po-
ta ssium with the applied treatments may deter-
mine colonization frequencies of over 80% and 
intensities of maximum 10%, noticed at the 
variants included in cluster 1.
The development of a complex fertilization 
and treatment network, adjusted to the ecological 
conditions, allowed the strong expression of the 
mycorrhizal colonization, with intensity values 
ranging between 10 and 20% in cluster 2. 
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Tab. 3. Individual effect over the mycorrhizal colonization parameters – cluster levels
CLUSTER 1 CLUSTER 2
Factors PC1 PC2 r2 Pr(>r) Sig. Factors PC1 PC2 r2 Pr(>r) Sig.
temp 0.682 0.731 0.353 0.073 - temp 0.020 1.000 0.116 0.321 -
prep -0.682 -0.731 0.353 0.073 - prep -0.020 -1.000 0.116 0.321 -
n -0.127 0.992 0.276 0.139 - n -0.991 -0.134 0.097 0.392 -
p -0.960 -0.278 0.572 0.008 ** p -0.656 -0.755 0.077 0.459 -
k -0.907 -0.421 0.434 0.028 * k -0.904 -0.427 0.103 0.366 -
fung -0.909 -0.417 0.442 0.025 * fung -1.000 0.022 0.045 0.655 -
Zn 0.909 0.417 0.442 0.025 * Zn 1.000 -0.022 0.045 0.655 -
CLUSTER 3 CLUSTER 4
Factors PC1 PC2 r2 Pr(>r) Sig. Factors PC1 PC2 r2 Pr(>r) Sig.
temp 0.995 0.104 0.391 0.146 temp -0.753 -0.658 0.757 0.091 -
prep -0.995 -0.104 0.391 0.146 prep 0.753 0.658 0.757 0.091 -
n -0.812 -0.584 0.537 0.047 * n
p -0.812 -0.584 0.537 0.047 * p
k -0.812 -0.584 0.537 0.047 * k
fung 0.812 0.584 0.537 0.047 * fung
Zn -0.812 -0.584 0.537 0.047 * Zn 
CLUSTER 5
Factors PC1 PC2 r2 Pr(>r) Sig.
- not signiϐicanttemp 0.330 0.944 0.654 0.001 ***
prep -0.330 -0.944 0.654 0.001 *** p < 0.05    * °n -0.810 0.587 0.455 0.008 **
p -0.677 0.736 0.848 0.001 *** p < 0.01    ** °°k -0.771 0.637 0.990 0.001 ***
fung 0.907 -0.421 0.234 0.135 p < 0.001 *** °°°Zn -0.907 0.421 0.234 0.135
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A balanced fertilization, combined with 
treatments, enhances the colonization frequency 
percentage to 100%, with an optimal individual 
indication of the technological factors. 
The acute action of fertilization and climatic 
factors may preclude the treatments effects, 
maintain a reduced colonization level, feature 
highlighted for the cluster 5 variants.
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